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FOREWORD 

T h i s  is  Report N o ,  IITRI-C207-27 ( I n t e r i m  Report)  of 
P r o j e c t  C207, Cont rac t  N o .  950111 ( subcon t rac t  under NASA 
Cont rac t  NAS7-100) , e n t i t l e d  "Stable White Coatings.  I '  The 
report covers  the pe r iod  from J u l y  15 ,  1963, t o  November 30, 
1963. Previous I n t e r i m  R e p o r t s ,  N o ,  ARF-3207-5 and ARF-3207-14, 
and a Summary R e p o r t ,  N o ,  IITRI-C207-25, w e r e  i s s u e d  i n  A p r i l  
1962, November 1962, and August 1963, r e s p e c t i v e l y .  This re- 
port  i s  prepared for M r ,  W i l l i a m  F ,  C a r r o l l ,  JPL  Cognizant 
Engineer. 

Major c o n t r i b u t o r s  t o  the program dur ing  t h i s  period 
included Gene A. Z e r l a u t  ( P r o j e c t  Leader) ; Y. Harada ( ino rgan ic  
coa t ings )  ;, Warren E .  Jamison (space-chamber ope ra t ion )  ; D r  
Caro l ine  D. M i l l e r  ( a t t e n u a t e d  t o t a l  r e f l e c t a n c e  s t u d i e s )  ; 
0, Harry Olson ( o p t i c a l  measurements) : Richard G. Reichel 
(methyl s i l i c o n e  s y n t h e s i s )  ; and Douglas G ,  Vance ( s i l i c o n e  
p a i n t  p repa ra t ions  and o p t i c a l  measurements). D r .  Theodore 
H. Meltzer provided a d m i n i s t r a t i v e  supe rv i s ion  dur ing  t h i s  
per iod.  Cont r ibu t ions  t o  t h i s  r e p o r t  w e r e  made by D r ,  C. D, 
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ABSTRACT 

STABLE WHITE COATINGS 

I n v e s t i g a t i o n s  w e r e  continued i n  the development of w h i t e  
thermal-control coa t ings  possessing good s t a b i l i t y  t o  u l t r a -  
v io l e t  i r r a d i a t i o n  i n  vacuum. This report d e s c r i b e s  s t u d i e s  
aimed a t  the establ ishment  of o p t i m u m  manufacturing cond i t ions  
f o r  the three most promising p a i n t  systems. Of special i m -  
por tance w e r e  the formulation and s y n t h e s i s  parameters; s t o r -  
age,  s o i l i n g ,  and cleaning expe r imen t s ;  room-temperature cur ing  
s t u d i e s  on the s i l icone  p a i n t s ;  and z inc  oxide bleaching ex- 
periments.  

A g e d  si l icate p a i n t s  w e r e  less r e s i s t a n t  t o  u l t r a v i o l e t  
i r r a d i a t i o n  i n  vacuum than  f r e s h l y  prepared spec imens ,  Also, 
z i n c  oxide w a s  shown t o  be c l e a r l y  supe r io r  t o  both t i n  oxide 
and ca l c ined  c h i n a  c l a y ,  which showed promise i n  earlier tests. 
Diethylenetr iamine produced room-temperature cure  of the methyl 
s i l i c o n e  p a i n t s  bu t  caused adverse phys ica l  effects a s  w e l l  as 
u l t r a v i o l e t  degradat ion i n  anything bu t  s m a l l  q u a n t i t i e s .  Zinc 
oxide p a i n t s  w e r e  found t o  e x h i b i t  no more t h a n  1% r e f l e c t a n c e  
i n c r e a s e s  (bleach) on admission of a i r  t o  i r r a d i a t e d  specimens. 
Recent s t u d i e s  wi th  a t tenuated  t o t a l  r e f l e c t a n c e  have e l imina ted  
s o m e  of the earlier d i f f i c u l t i e s  experienced i n  applying t h i s  
technique,  It  now appears t h a t  a t t enua ted  t o t a l  r e f l e c t a n c e  
could be a u s e f u l  tool  i n  t h e  assessment  of damage due t o  
u l t r a v i o l e t  i r r a d i a t i o n  i n  vacuum, 

f l d T f l & C  
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GLOSSARY 

ATR Attenuated t o t a l  r e f l e c t a n c e .  

a Solar absorptance . 
dl and a2 cLl + d* = a. 

dl corresponds t o  tha t  half of the s u n ' s  energy 
below 7000 A, and a2 corresponds t o  tha t  half 
above 7000 A. 

ACL 

8 

d/€ 

ESH 

Me/Si 

PBR 

PVC 

Change i n  absorptance.  

Emittance 

R a t i o  of solar absorptance t o  i n f r a r e d  emit tance.  

Equiva len t  sun-hours of extraterrestrial u l t r a -  
v io l e t  r ad ia t ion .  

Molar ra t io  of methyl groups t o  s i l i c o n  a t o m s ,  

Pigment/binder ra t io .  

Pigment volume concent ra t ion ,  
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STABLE WHITE COATINGS 

I .  I NTRODUCTI Oiq ------ 

The p r i n c i p a l  ob jec t ive  of t h i s  program was t h e  develop- 
ment of a white spacec ra f t  thermal-control coa t ing  with 
except iona l  s t a b i l i t y  t o  e x t r a t e r r e s t r i a l  s o l a r  r a d i a t i o n ,  
Therefore t h e  primary requirements w e r e  t h a t :  

- the coa t ing  have a high r e s i s t a n c e  t o  u l t r a v i o l e t  
r a d i a t i o n  i n  vacuum, namely, t h e  change i n  t h e  
r a t i o  of s o l a r  absorptance t o  i n f r a r e d  emit tance 
be only 10% a f t e r  1 year  of exposure 

- the  r a t i o  of s o l a r  absorptance t o  i n f r a r e d  emittance 
of t h e  coa t ing  be. 0,30  o r  less 

- J-h k,4,e i n f r a r e d  emittance of t h e  coa t ing  be approxi- 
mately 0,9, 

The o t h e r  requirements w e r e  t h a t :  

-the coa t ing  cure a t  3 O O c F  o r  less 

- the  coa t ing  remain adherent t o  aluminum a l l o y s  
and o t h e r  Spacecraft  s t r u c t u r a l  m a t e r i a l s  through 
temperature changes of 50°F per minute between 
200 and - 1 0 0 ~ F ,  

During t h e  course of t h i s  program it soon became evident  t h a t  
t h e  f i r s t  requirement was unusually severe ~ namely, t h a t  the 
change i n  t h e  ra t io  of so l a r  absorptance t o  emit tance be only 
10% a f t e r  1 year  (equiva len t )  of exposure,  . 

However, t hese  inves t iga t ions  r e s u l t e d  i n  the development 
of three s a t i s f a c t o r y  p a i n t  systems: two of these systems 
changed only  about 0,Ol i n  s o l a r  absorptance a f t e r  an exposure 
t o  over  4000 equ iva len t  sun-hours (ESH) These two coa t ings  
w e r e  formulated by using a high-puri ty  z inc  oxide,  SP 500, i n  
conjunct ion with e i t h e r  a methyl s i l i c o n e  polymer synthesized 
i n  our  l a b o r a t o r i e s  o r  a commercial potassium s i l i c a t e ,  PS7; 
t h e s e  coa t ings  a r e  designated S-33 and 293 r e s p e c t i v e l y  
(Summary R e p o r t  N o ,  IITRI-C207-25) The  t h i r d  coa t ing ,  S-13, 

was a l s o  pigmented wi th  SP 500 z inc  oxide andwas based upon 
General E l e c t r i c h s  LTV-602 methyl s i l i c o n e  elastomer ( I I T R I C s  
experimental  methyl s i l i c o n e  i s  a r e s i n ) .  S-13 i s  a h igh ly  
f l e x i b l e ,  e las tomer ic  coat ing,  which can be prepared i n  f r e e ,  
detached sheets and subsequently used as a deca l ,  o r  " w a l l -  
paper," type  of thermal-control coa t ing ,  S-13 exh ib i t ed  an 
inc rease  i n  s o l a r  absorptance of 0,06, o r  about 30%, compared 
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t o  about 10% f o r  293 and S-33 a f t e r  4200 ESH ( n e a r l y  1 / 2  year  
of simulated space environment) 

So i l ing  and c l ean ing  tests w e r e  conducted on both the 
s i l i ca te  and the experimental  s i l i c o n e  p a i n t s ;  s h e l f  l i f e ,  
s t o r a g e ,  and aging tes ts  w e r e  conducted on the ino rgan ic  
s i l i ca t e  system, These tes ts  w e r e  performed i n  an e f f o r t  t o  
a s c e r t a i n  t h e  va r ious  problems which occur  dur ing  the f i e l d  
a p p l i c a t i o n  of t h e s e  thermal-control  coa t ings .  Addi t iona l  
experimental  methyl s i l i c o n e  r e s i n s  w e r e  prepared i n  a con- 
t i nued  e f f o r t  t o  es tabl ish the process  parameters f o r  the p i l o t  
manufacture of the materials. 

S tud ie s  w e r e  aga in  i n i t i a t e d  on the use  of a t t e n u a t e d  
t o t a l  r e f l e c t a n c e  (ATR) as a technique t o  assess the damage 
t o  p a i n t  media o n  exposure t o  u l t r a v i o l e t  i n  vacuum. I t  i s  
hoped tha t  this a n a l y t i c a l  t o o l  w i l l  f a c i l i t a t e  the obse rva t ion  
of u l t r av io l e t - induced  changes i n  the chemical s t r u c t u r e  of 
p o t e n t i a l l y  u s e f u l  i no rgan ic  and polymeric p a i n t  media. 

F i n a l l y ,  the recovery,  o r  b leaching  r e a c t i o n ,  of d i s c o l o r e d  
p a i n t s  w a s  more c a r e f u l l y  i n v e s t i g a t e d .  T h i s  b leaching  reac- 
t i o n  has been found t o  be a problem on ly  i n  the e v a l u a t i o n  
of severe ly  degradable  systems. Bleaching of z i n c  oxide- 
pigmented methyl s i l i c o n e  and potassium s i l i c a t e  c o a t i n g s  has 
not  been observed i n  the day-to-day measurements .l 
p r a c t i c e  i n  making these measurements has been t o  main ta in  
the i r r a d i a t e d  specimens i n  the dark  u n t i l  their  r e f l e c t a n c e  
has been measured. Since bleaching occurs  i n  the v i c i n i t y  of 
4400 A, the  vis ible  r e f l e c t a n c e  was measured f i r s t  and w a s  
always completed w i t h i n  an hour a f t e r  the specimen had been 
removed from the s imula t ion  chamber. However, because of the 
importance of a s su r ing  tha t  the r e l a t i v e l y  s t a b l e  z i n c  oxide 
c o a t i n g s  do no t  e x h i b i t  s i g n i f i c a n t  b leaching  r e a c t i o n  i n  the 
i n t e r i m  between removal from the s imula t ion  chamber and re- 
f l e c t a n c e  measurement, a rather c a r e f u l  experiment w a s  designed 
t o  determine the amount of bleaching,  i f  any, which might 
be expected t o  occur  i n  z i n c  oxide systems. 

The gene ra l  

T h e  techniques used t o  measure the solar  absorptance before  
and a f te r  exposure as w e l l  as a d e s c r i p t i o n  of the ion-pumped 
solar s imulat ion chamber are given i n  the Summary R e p o r t a l  

---- - - 

'Zer laut ,  Gene A.,  and Harada, Y. ,  "Stable White Coatings,  ' I  
Report No .  IITRI-C207-25 (Summary Report) , August 2 7 ,  1963. 
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11. POTASSIUM SILICATE PAINTS 

A .  E f f e c t s  of Control led Storaqe, S o i l i n y .  and Cleaninq 

Severa l  space-simulation experiments w e r e  conducted t o  
s tudy  the f a c t o r s  which a f f e c t  t h e  s t a b i l i t y  of the inorganic  
s i l i ca te  coa t ings .  The h i s t o r i e s  of the var ious  samples are 
given i n  Table 1,and t h e  r e s u l t s  of u l t r a v i o l e t  i r r a d i a t i o n  on 
t h e s e  specimens are given i n  Table 2 ,  

Previous experiments had shown t h e  b e n e f i c i a l  e f f e c t s  of 
a 500OC heat treatment on the  s t a b i l i t y  of coa t ings ,  A s  seen 
i n  Table 1, th i s  e f f e c t  w a s  manifested f o r  the s h e l f - l i f e  
composition, 298: an e a r l i e r  t es t  had shown a ad of 0,073 
a f t e r  1780 ESH, However, the degradat ion of the sample cured 
i n  a carbon dioxide atmosphere w a s  no t  s i g n i f i c a n t l y  a f f e c t e d  
by hea t ing  t o  5OOOC. Tnere i s  a p o s s i b i l i t y ,  then ,  that  the 
degradable component i n  the s h e l f - l i f e  sample i s  z inc  carbon- 
a t e ,  a m a t e r i a l  which begins t o  l o s e  carbon dioxide a t  3OOOC. 
The degradable component i n  t h e  carbon dioxide-cured sample 
could be potassium carbonate,  w h i c h  does n o t  decompose u n t i l  
it reaches a temperature of 8OO0C,  This hypothesis  w i l l  be 
i n v e s t i g a t e d  by d i f f e r e n t i a l  thermal a n a l y s i s  and g a s - t r a i n  
a n a l y s i s  f o r  carbon dioxide content .  

Applicat ion of a second z inc  o x i d e - s i l i c a t e  coa t ing  on 
a cured coa t ing  i s  d i f f i c u l t  because the porous undercoating 
absorbs the l i q u i d  so rap id ly  t h a t  a f r i a b l e  powdery su r face  
r e s u l t s .  However, a r ap id ,  heavy spray of a second coa t ing  
does y i e l d  a s a t i s f a c t o r y  sur face ,  Of t h e  three samples which 
r e c e i v e d  a second coa t ing ,  2101 was t h e  most amenable to t h i s  
topcoat ,  because the pores w e r e  p a r t i a l l y  c losed ,  Su rp r i s ing ly ,  
t h i s  same sample underwent the s m a l l e s t  r e f l e c t a n c e  loss: an 
e a r l i e r  test  ind ica t ed  t h a t  coa t ing  an uncleaned subcoat was 
n o t  s u f f i c i e n t  t o  r e t a in  s t a b i l i t b ,  Fur ther  experiments w i l l  
be conducted t o  study t h i s  anomaly, Nevertheless,  t h e  p re sen t  
r e s u l t s  suggest  t h e  f e a s i b i l i t y  of applying a topcoat  over a 
s o i l e d  a rea .  

The 2120-ESH tests revealed moderate degradat ion f o r  
samples w h i c h  had been p r o t e c t i v e l y  s t o r e d  f o r  8 months,  I n  
a prev ious  experiment,  f o r  1650 ESH, samples w i t h  i d e n t i c a l  
p rocess ing  bu t  s t o r e d  f o r  only a month exh ib i t ed  Lor 's  o f 0 , 0 1 8  
( d e s i c c a t o r )  and 0,014 (Saran) Wrapping i n  Saran f o r  long 
pe r iods  of t i m e  does not  appear adequate t o  r e t a i n  s t a b i l i t y ,  
There is  a p o s s i b i l i t y  that  a loss i n  s t a b i l i t y  could occur 
through a mechanism, perhaps inhe ren t  i n  a z inc  o x i d e - s i l i c a t e  
system, not  inf luenced by atmospheric condi t ions .  
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Table 1 

SPECIMEN H I S T O R I E S  FOR STORAGE, 
S O I L I N G ,  AND CLEANING EXPERIMENTS 

- Sample 
297 

298 

299 

z100 

2101 

2102 

2103 

2104 
2105 
2106 
2107 

2108 
2109 
2110 

2111 
2112 
2113 

----- His to ry  -- 

Drotected atmospheric s t o r a g e ,  4 months*. 

S h e l f - l i f e  sample. Formulation o r i g i n a l l y  prepared 
and mi l led  4 months p r i o r  t o  r e m i l l i n g  and appl ica-  
t i o n .  Coating heated a t  500OC f o r  2 h r .  

Cured i n  carbon dioxide atmosphere. Heated a t  5OOOC 
f o r  2 h r .  
Or ig ina l  coa t ing  s o i l e d  wi th  d i r t ,  c leaned wi th  
de t e rgen t  and water ,  then coated wi th  4 - m i l  t opcoa t ,  
Or ig ina l  coa t ing  s o i l e d  wi th  d i r t ,  then coated wi th  
4 J / 2 - m i l  topcoat .  No at tempt  made t o  c lean  i n i t i a l  
coa t ing .  
Or ig ina l  coa t ing  s o i l e d  wi th  vacuum o i l ,  c leaned with 
de t e rgen t  and water ,  then coated wi th  5 - m i l  topcoat .  

Cured i n  a d e s i c c a t o r  over Asca r i t e  and D r i e r i t e  f o r  
2 2  hours and s t o r e d  under Saran Wrap f o r  8 months. 
Cured and s t o r e d  i n  t h e  d e s i c c a t o r  f o r  8 months, 
Storage,  fou r  weeks*. 
Storage,  s i x  weeks*. 

Storage,  s i x  weeks*. 
Storage,  s i x  weeks*. 
Storage,  two weeks*. 

Storage,  four  weeks*. 
Storage,  seven weeks*. 
Storage,  four  weeks*. 
Storage,  four  weeks*. 

* 
Stored between s h e e t s  of vellum. 
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The super ior  s t a b i l i t y  of z inc  oxide over t i n  oxide and 
ca l c ined  c’pina c l a y  was c l e a r l y  shown i n  the 2070-ESH tes t ,  
The small Aa exh ib i t ed  by t h e  55-LO (2105) sample suggests  a 
reeva lua t ion  of t h i s  ma te r i a l .  

Phi lade lphia  Q u a r t z  Company has  advised t h a t  t h e i r  ana lyses  
have shown t h a t  both Kas i l  88 and K a s i l  1 compare i n  p u r i t y  t o  
PS7, The Kas i l s  a r e  lower i n  a l k a l i n i t y :  t hey  have a l k a l i - t o -  
s i l i c a  mole r a t i o s  of 1:3.45 and 1:3.92, and PS7 has  a r a t i o  of 
1:3.31. Preparat ion of Kasil-bonded coa t ings  r e s u l t e d  i n  s l i g h t  
improvement of su r face  hardness.  

Exposure of the Kas i l  samples i n  t h e  1700-ESH tes t  r e s u l t e d  
i n  s i g n i f i c a n t  c raz ing  of t h e s e  coa t ings ,  The br i t t leness  of 
the h i g h e r - s i l i c a  veh ic l e s  would l i m i t  t h e i r  u se  d e s p i t e  the 
comparable ( t o  PS7) s t a b i l i t y  shown by t h e s e  systems, 

Surpr i s ing  s t a b i l i t y  was d isp layed  by t h e  low-PBR c o m p s i -  

E a r l i e r  experiments have shown 
t i o n .  The small  Aa w a s  due i n  l a r g e r  measure t o  t h e  bleaching 
i n  t h e  i n f r a r e d  as  shown by a2. 
t h a t  pigments do not r evea l  a r e f l e c t a n c e  inc rease  i n  t h e  
i n f r a r e d  a f t e r  i r r a d i a t i o n ,  whereas p a i n t s  do. The even s t ronge r  
c rossover  e f f e c t ,  i .e . ,  t h e  i n t e r s e c t i o n  of t h e  s p e c t r a l  r e f l e c -  
tance  curves before  and af ter  exposure f o r  sample 2108 a t  a 
wave3ength of about 10,000 A, demonstrates t h a t  potassium s i l i c a t e  
i s  respons ib le  f o r  t h i s  phenomenon. Furthermore, A a  for t h i s  
sample w a s  not  excessive.  
systems t o  e x p l o i t  both t h e  a2 improvement and improved phys ica l  
p r o p e r t i e s  i s  i n  order .  

Thus a c l o s e r  pe rusa l  of high-binder 

A z i r con ia  p a i n t  w a s  included i n  each of t h e  tes ts  as  a 
c o n t r o l .  Although no d i r e c t  r e l a t i o n s h i p  between Aa and ESH 
w a s  observed, t h e  degradat ion was s i m i l a r  f o r  a l l  samples. A 
Z r 0  sample w i l l  a l s o  be included i n  f u t u r e  tests: wi th  more 
tesgs, it i s  a n t i c i p a t e d  t h a t  a c l e a r e r  i n d i c a t i o n  of the 
v a l i d i t y  of t h e  space s imula t ion  w i l l  be s e e n .  

A n  i n v e s t i g a t i o n  of t h e  e f f e c t  of s to rage  of z inc  oxide- 
s i l i c a t e  coa t ings  i n  a v a r i e t y  of p l a s t i c s  has  been i n i t i a t e d .  
The ma te r i a l s  which a r e  being used a r e  Tedlar ,  Teflon type A ,  
Lexan, H-polymer, and Mylar. Samples are s t o r e d  i n  i n t i m a t e  
con tac t  with these  p l a s t i c s  under a i r  and a l s o  i n  an i n e r t  
helium atmosphere. The e f f e c t  of humidity i s  a l s o  being s tud ied .  
Two sets of samples a r e  being s to red  i n  a 100% humidit- 77 room: 
one set was introduced i n t o  t h i s  atmosphere immediatel;,. a f t e r  
t h e  p a i n t  was appl ied ,  and t h e  second a f t e r  d r y i n g  i n  a i r  f o r  
6 days. 
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B. E f f e c t  of Formulation-rameters on Physical  Propert- 

Experiments wi th  t h e  standard formulat ion,  SP 500 z i n c  oxide 
c a l c i n e d  a t  7 O O O C  f o r  16 h r  plus  PS7 potassium s i l i c a t e  a t  a PBR 
of 4.30, have shown t h a t  the s o l i d s  conten t  can be increased  t o  
59.8% without  impairing s p r a y a b i l i t y .  This  decrease i n  d i l u e n t  
s e e m s  t o  r e s u l t  i n  a tougher coa t ing ,  The use of SP 500 ca l c ined  
a t  700OC f o r  1 1 2  hr makes spraying d i f f i c u 1 t ; t h e  coa r se r  p a r t i c l e s  
produced by t h i s  extended c a l c i n a t i o n  prevent  good atomizat ion,  

C ,  Fluorescence and Piqment Deqradation 

S tud ie s  have been i n i t i a t e d  t o  determine the e f f e c t s  of 
space s imula t ion  on the f luorescence of m a t e r i a l s  and a l s o  t o  
a s s e s s  t h e  u t i l i t y  of th i s  o p t i c a l  phenomenon, A v a r i e t y  of 
p a i n t s  and pigments, bo th  i r r a d i a t e d  during space s imula t ion  
and u n i r r a d i a t e d ,  w e r e  examined under u l t r a v i o l e t  l i g h t ,  A 
Hanovia mercury-arc q u a r t z  lamp, f i t t e d  w i t h  a f i l t e r  which 
p e r m i t s  passage of wavelengths from 320 t o  390 m p ,  w a s  used, 

Prel iminary v i s u a l  observat ion revea led  t h a t  t h e  d i sco lo red  
s u r f a c e s  of var ious  pigments subjec ted  t o  u l t r a v i o l e t  i r r a d i a t i o n  
i n  vacuum i n  the e a r l y  screening tests f luoresced  a v a r i e t y  of 
c o l o r s  t o  var ious  degrees ,  Scratching of these s u r f a c e s  t o  
r e v e a l  t h e  m a t e r i a l  below showed l i t t l e  o r  no f luorescence  of 
t h e  o r i g i n a l  m a t e r i a l s ,  Among t h e  powders which e x h i b i t e d  
these p r o p e r t i e s  w e r e  z i r con ia ,  z i r con ,  t a l c ,  k a o l i n ,  alumina, 
metaphosphates of aluminum and potassium, calcium carbonate ,  
calcium f l u o r i d e ,  calcium s i l icate ,  and barium carbonate ,  

behav io r , i . e . ,  a decrease i n  f luorescence ,  Both samples B and 
C (Table 3 )  underwent t h i s  loss, al though t h e  m a t e r i a l  below 
the exposed su r face  showed the c h a r a c t e r i s t i c  n a t u r a l  f l u o r -  
escence of z inc  oxide,  The f luorescence of z inc  oxide i s  
thought t o  be caused by t h e  presence of i n t e r s t i t i a l  z inc  atoms 
o r  o t h e r  c r y s t a l  imperfect ions.  The r e s u l t s  suggest t h a t  
exposure of z inc  oxide powder t o  simulated space e f f e c t s  a 
s t a b i l i z a t i o n  o r  approach of s to ich iometry-  

Paradoxical ly ,  i r r a d i a t e d  SP 500 samples showed t h e  oppos i te  

i 
S 

Z i n c  oxide-potassium s i l icate  p a i n t s  d i d  not  undergo a s i m -  
l a r  change i n  f luorescence  upon i r r a d i a t i o n .  Furthermore, the 
cra tched  undersurface showed l i t t l e  o r  no emission, Another 

t rea tment  which a f f e c t s  f luorescence i s  hea t ing .  P a i n t s  heated 
a t  1 4 O O C  exh ib i t ed  l e s s  fluorescence,  and when t h e s e  p a i n t s  
w e r e  heated a t  500oC, t h e  f l u o r e s c e n e d e c r e a s e d  even more, 

Some m a t e r i a l s  w e r e  black under u l t r a v i o l e t  l i g h t ,  
they d i d  not  f l u o r e s c e ) . S i l i c a t e  p a i n t s  of t i n  oxide,  ch ina  
c l a y ,  and z i r c o n i a  f a l l  i n  t h i s  ca tegory ,  

( i o e e ,  
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The prel iminary i n v e s t i g a t i o n s  of f luorescence  of m a t e r i a l s  
suggests  a complementary t o o l  f o r  a n a l y s i s  of degradat ion i n  a 
space environment Determinations of t h e  i n t e n s i t y  and t h e  wave- 
l eng th  of the emit ted l i g h t  a r e  necessary t o  d e f i n e  f luorescence ,  
A phosphorimeter w i l l  be used i n  some f u t u r e  experiments;  adapta- 
t i o n  of t h e  Cary spectrophotometer w i l l  a l s o  be at tempted,  

D,  Dopins Zinc =de with T r i v a l e n t  Atoms 

Wey12 has repor ted  t h a t  s i n t e r i n g  of z inc  oxide i s  i n h i b i t -  
ed by t h e  u s e  of a small amount of t r i v a l e n t  atoms such a s  
aluminum and gal l ium, which decrease oxygen vacancies  i n  t h e  
c r y s t a l s ,  Such a phenomenon could enhance t h e  s t a b i l i t y  of 
z inc  oxide,  O n  t h e  b a s i s  of Weyl's work, 1 mol % alumina a s  
an aqueous n i t r a t e  was mixed with z i n c  oxide ,  The mixture was 
evaporated t o  dryness and cdcined a t  3 O O O C  t o  decompose t h e  
n i t r a t e  t o  the oxide,  The r e s u l t i n g  sample ( A )  w a s  prepared 
a s  a compacted powder. SP 500 z inc  oxides  ca l c ined  a t  7 O O O C  
f o r  1 6  h r  (sample B) and f o r  1 1 2  h r  (sample C )  were a l s o  included 
i n  t h i s  experiment as pigment samples. Two d i s k s  of AZO-77 z inc  
oxide (99,80% p u r i t y ,  0,14-w p a r t i c l e  s i z e ) ,  pressed a t  5000 p s i  
(sample D) and 10,000 p s i  (sample E ) ,  w e r e  f i r e d  a t  700OC and 
also exposed i n  t h i s  t e s t  f o r  960 ESH, 

The r e s u l t s ,  t a b u l a t e d  i n  Table 3 ,  r evea l  t h a t  t h e  small  
amount of added alumina was de t r imen ta l  t o  s t a b i l i t y >  Discolora- 
t i o n  was not continuous; a mottled appearance suggested degrada- 
t i o n  of segregated p a r t i c l e s  of alumina, The & I s  of t h e  va r ious  
z inc  oxides  a r e  too  small t o  show any s i g n i f i c a n t  t r e n d s  due t o  
c a l c i n a t i o n  t imes o r  d e n s i t y  d i f f e r e n c e s ,  

- -- 
2Weyl, W. A. ,  "Atomistic I n t e r p r e t a t i o n  of t h e  Mechanism of 

So l id  S t a t e  Reactions and of S i n t e r i n g ,  I '  Ceramic Age, 60, 5 ,  
28 (1952) 
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Table 3 

EFFECT OF 960 ESH OF W RADIATION I N  VACUUIl 
ON OPTICAL PRO?ERTIES OF Z I N C  OXIDES RECEIVING VARIOUS TREATMENTS 

(Solar  Factor = 8 ,9 )  
__- 

Sol-ar Absorpance  __ 
_I-__I - 

L a  d Exposure, 
Sample --- ESH "1 -- Q2 -- 

A 

B 

C 

D 

E 

0 093 ,046 0 139 
960 175 ,056 ,231 092 

0 n 091 ,037 1 2 8  
960 ,092 , 041 '> 134 006 

0 096 ,037 ,133 
960 ,096 ,037 ,133 9 000 

0 205 u 099 0 304 
960 3 210 098 308 ,004 

0 208 105 ,313 
960 , 207 104 ,311 - '7 002 

111. ZINC OXIDE-PIGMENTED FE'HYL SILICONE PAINTS - 

- A. D a i n t  Formulation 

The formula t ion  d a t a  for  a l l  the s i l i c o n e  p a i n t s  are g iven  
i n  Table 4. %gment/binder r a t i o s  are shown as both weight and 
volume r a t i o s ,  Weight r a t io s  are des igna ted  PBR (pigment/binder 
r a t i o )  and volume r a t i o s  are des igna ted  PVC (pigment volume con- 
c e n t r a t i o n ) ,  I n  the tab le ,  u s e  of the t e t r abu toxy  t i t a n i u m  
c u r i n g  agent  i s  denoted by TBT, S i m i l a r l y ,  the d ie thy lene t r i amine  
c a t a l y s t  i s  denoted by DETA, SP 500 z i n c  oxide can be obta ined  
from the New J e r s e y  Zinc Company, and the LTV-602 polymer and 
SR-17 r e s i n  can be ob ta ined  from the S i l i c o n e  Products  Department 
of General Electr ic ,  

S-13 w a s  cured a t  room temperature  f o r  16  hr,  and S-34 
and S-37 w e r e  cured a t  room temperature f o r  2 h r ,  
and S-39 w e r e  cured a t  5000F f o r  1 h r ,  and c o a t i n g s  S-36 and S-40 
w e r e  cured a t  r o o m  temperature f o r  4 days, S-38 r ece ived  the 
fo l lowing  cu re  schedule:  6 min a t  2500F, 6 min a t  400CF, and 
10 min a t  5OOOF. 

Coat ings S-35 
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Table 4 

FORMULATION DATA FOR SILICONE PAINTS 
--- - 

P a i n t  
NO * 

S-13 

-- 

s-34 

s-35 

S-36 

s-37 

S-38 

s-39 

S-40 

- Inqredien ts .  parts by w t .  

SP 500 z inc  oxide 
LTV-602 polymer 
SRC-05 c a t a l y s t  
Toluene 

SP 500 z inc  oxide 
LTV-602 polymer 
DETA c a t a l y s t  
Toluene 

SP 500 z inc  oxide 
R-10 e x p t l .  r e s i n  
TBT cu r ing  agent  
Toluene 

SP 500 z inc  oxide 
R-10 exptl .  r e s i n  
DETA c a t a l y s t  
Toluene 

SP 500 z inc  oxide 
LTV-602 polymer 
DETA c a t a l y s t  
Toluene 

SP 500 z inc  oxide 
SR-17 r e s i n  
Toluene 

SP 500 z i n c  oxide 
R-11 e x p t l .  r e s i n  
TBT cu r ing  agent  
Toluene 

SP 500 z inc  oxide  
R-11 expt l .  r e s i n  
DETA c a t a l y s t  
Toluene 

240.0 
100.0 

0.5 
183.8 

240.0 
100.0 
>>I. 0 
183-8  

269.0 
100.0 

1.0 
219.0 

269.0 
100 rn 0 

1.0 
219.0 

240.0 
100.0 

1.0 
183.8 

98.5 
100.0 

51.1 

269.0 
100.0 

1.0 
217.0 

269.0 
100 . 0 

1.0 
217.0 

PVC , 
% 

30 

30 

35 

35 

3 0  

30  

35 

35 

PBR 

2-40 

-- 

2.40 

2.69 

2.69 

2.40 

1.99 

2.69 

2.69 

S o l i d s  
% bv v o l ,  

40 

40 

35 

35 

40 

35 

35 

35 
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B. Methyl S i l i c o n e  Synthesis  

Two molecular ly  d i s t i l l e d  methyl s i l i c o n e  experimental  
r e s i n s  w e r e  synthesized i n  f u r t h e r  a t tempts  t o  determine optimum 
pilot-manufacturing condi t ions.  These r e s i n s  are designated 
R-10 and R-11. The syn the t i c  procedures are given below, 

Experimental Resin R-10 

A mixture of 154.8 g (1.2 mole) of d imethyld ich loros i lane ,  
288 g (1.92 mole) of me thy l t r i ch lo ros i l ane ,  and 900 g of 
anhydrous ether w a s  added dropwise, over a pe r iod  of 120 
m i n ,  t o  an  a g i t a t e d  ice bath.  The e t h e r  l a y e r  w a s  separa ted  
and washed with d i s t i l l e d  w a t e r ,  T h i s  l a y e r  w a s  then  washed 
wi th  a 5% s o l u t i o n  of NaHC03, followed by three washings 
wi th  d i s t i l l e d  water.  The e t h e r  s o l u t i o n  was d r i e d  over- 
n igh t  over  D r i e r i t e  and w a s  then evaporated a t  reduced pres- 
su re ,  l eav ing  209 g of c o l o r l e s s  r e s i n .  The r e s u l t a n t  
r e s i n  was charged t o  an ASCO ' 50 '  Rota-Film molecular s t i l l  
and w a s  d i s t i l l e d  a t  an average temperature of 1 2 O O C  and 
0.02 mm Hg pressure  over a 3.75-hr i n t e r v a l ,  y i e l d i n g  8 4 8  
and 88.6 g of high-boiling and low-boiling r e s i n ,  respec- 
t i v e l y .  The molecular weight of t h e  higher-boi l ing f r ac -  
t i o n  w a s  1700. The s p e c i f i c  g r a v i t y  w a s  1,120, C h e m i c a l  
a n a l y s i s  y i e lded  22.04% C ,  6.39% H, 36,53% S i ,  and 36,14%0 
by d i f f e rence .  

A weight check of t he  glassware used i n  the above experiment 
i n d i c a t e d  that  15.3 g of product adhered t o  t h e  glass su r face ,  
I t  i s  a l s o  probable t h a t  add i t iona l  s i l i c o n e  r e s i n  w a s  l o s t  i n  
t h e  water /e ther  s epa ra t ion ,  since e t h e r  i s  somewhat so luble  i n  
water.  

Experimental Resin R - 1 1  - 
A mixture of 154.8 (1 .2  mole) of d imethyld ich loros i lane ,  

288 g (1.92 mole) of me thy l t r i ch lo ros i l ane ,  and 400 g 
of anhydrous ether w a s  added dropwise, over  a pe r iod  of 
70 min, t o  an a g i t a t e d  ice bath.  The ether l a y e r  w a s  
separa ted  and wa'shed with d i s t i l l e d  water.  This  l a y e r  w a s  
then  washed w i t h  a 5% so lu t ion  of NaHCO followed by 
three washings wi th  d i s t i l l e d  water.  e t h e r  s o l u t i o n  
w a s  d r i e d  overnight  over D r i e r i t e  and was then  evaporated 
a t  reduced p res su re ,  leaving 195 g of c o l o r l e s s  r e s i n ,  
T h e  r e s u l t a n t  r e s i n  w a s  charged t o  t h e  ASCO ' 5 0 '  Rota- 
F i l m  molecular s t i l l  and w a s  d i s t i l l e d  a t  an average 
temperature of 135°C and 0.18 mm Hg pressure  over  a 3.75- 
hr i n t e r v a l ,  y i e ld ing  123.6 g of high-boi l ing r e s i n .  The 
molecular weight was 1590. The s p e c i f i c  g r a v i t y  was 1,120, 
C h e m i c a l  a n a l y s i s  yielded 23.20% C,  6.14% H, 36,10% S i ,  
and 34.56% 0 by d i f f e rence .  

I I T  R E S E A R C H  I N S T I T U T E  

11 IITRI-C207-27 



Molecular weights  w e r e  determined on a Mechrolab vapor- 
p re s su re  osmometer, which operates on the p r i n c i p l e  of vapor- 
p re s su re  lowering of a so lven t  s o l u t i o n .  A drop of so lven t  and 
a drop  of s o l u t i o n  are suspended s i d e  by s i d e  i n  a c losed  cham- 
ber tha t  i s  s a t u r a t e d  w i t h  so lven t  vapor. The  d i f f e r e n c e  i n  
vapor pressure between the two drops causes  a d i f f e r e n t i a l  m a s s  
t r a n s f e r  between the drops and the s o l v e n t  vapor phase, w h i c h  
r e s u l t s  i n  lower evaporation from the s o l u t i o n  drop,  The m a s s  
t r a n s f e r  causes a temperature  d i f f e r e n c e  between t h e  drops  
(heat of vapor i za t ion ) .  T h i s  d i f f e r e n c e  i s  p ropor t iona l  t o  the 
vapor p re s su re  lowering and thus  t o  the s o l v e n t  concen t r a t ion ,  

Polymer molecules have a s t rong  tendency t o  s h o w  concentra-  
t i o n  dependency i n  these measurements. Therefore  a concentra-  
t i o n  series w a s  made f o r  samples of r e s i n  R-l0,which i s  con- 
s ide red  t o  be a better sepa ra t ion  product.  

R-10 Molecular 
Weiaht -- Concentration- - 

0.1586 9/10 m l  1482 

0.3187 1675 

0.4759 1700 

0.7931 1705 

These r e s u l t s  s h o w  the concen t r a t ion  dependency and i n d i c a t e  
tha t  f u t u r e  measurements should be made i n  the concen t r a t ion  
range of 0.5 t o  0.6 9/10 m l .  

-- C Curinq Experiments and Physical P r o p e r t i e s  

- 1. U s e  of D E T A i t h  LTV-602 

Diethylenetr iamine (DETA) w a s  added i n  s m a l l  increments  t o  
the e las tomer ic  LTV-602 s i l i c o n e  polymer. The r e s u l t s  of t h i s  
experiment are given i n  Table 5,  

2 .  Physical Properties of Experimental Resins  

Experimental r e s i n s  R-10 and R - 1 1  d i f f e r e d  markedly i n  
phys i ca l  properties f r o m  previous d i s t i l l e d  r e s i n s  R-5A, R-8, 
and R-9 (Report N o .  IITRI-C207-25, Summary R e p o r t ) .  R-10 and 
R-11 are of cons iderably  lower molecular  weight than  R-5A, 
R-8 ,  and R-9. Although w e  have i n s u f f i c i e n t  d a t a  t o  determine 
the optimum pi lot-manufactur ing c o n d i t i o n s  dur ing  r e s i n  syn thes i s .  
s o m e  t r e n d s  are i n d i c a t e d  by the compi la t ion  of d a t a  obta ined  
t o  d a t e ;  these  are presented  i n  Table 6, 
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Table 5 

DETRCURED LT'J-602 

Amount 
DE TA LTV-602 R e m a r k s  

1 drop 

1 drop 

2 drops 

3 drops 

4 drops 

5 drops 

20 g Did n o t  set i n  30 min a t  room t e m p e r a -  
t u re .  Cured i n  10 min a t  340OF. G e l  
s t i l l  tacky. 15  min m o r e  a t  340°F d i s -  
colored material. 
Nearly set i n  15 rnin a t  room t e m p e r a -  
t u r e .  . 3 min a t  3400F gave a f u l l  set. 
nonstic:iy. 
d i sco lored  material .  
Fu l l  set i n  1 hr a t  room temperature.  
Clear ,  nontacky. 
Fu l l  set i n  3/4 hr a t  room temperature,  
Mass s l i g h t l y  cloudy and tacky. 
Fu l l  set i n  3/4 h r  a t  room temperature.  
Mass cloudy and q u i t e  tacky. 
F u l l  set i n  3/4 hr a t  room temperature.  
M a s s  very cloudy and very tacky. 

10 9 

15 min a d d i t i o n a l  a t  340°F 

10 g 

10 g 

10 g 

10 9 

Table 6 

CONDITIONS DURING MOLECULAR DISTILLATION 
OF EXPERIMENTAL RESINS 

R e s i n  D i s t i l l a t i o n  Pressure ,  

R-5A 150 0.04 2290 

Molecular W e i q h t  N o  . Temperature. "C _. mm IIq -- 

R-8 

R-9 
R-10 

R-11 

108 

100 

120 

135 

0.04 

0.004 
0.02 

0.18 

2100 
2000 

1700 

1590 
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Unlike the e a r l i e r  experimental  resins,R-10 and R - 1 1  
e x h i b i t e d  poor phys i ca l  properties when heated t o  500oF and 
cooled. Both r e s i n s  when cured w i t h  TBT w e r e  n e a r l y  cured  i 
3 h r  a t  300°F (they w e r e  nontacky and f i r m )  b u t  r e q u i r e d  heat- 
i n g  f o r  1 h r  t o  5000F t o  reach optimum hardness ,  A l l  f i l m s  
cured w i t h  TBT and hea ted  t o  500°F cracked seve re ly  on cool ing  
-- even when pigmented w i t h  SP 500 z i n c  oxide.  B o t h  r e s i n s  
when cured with DETA d r i e d  t o  the touch  i n  16 hr a t  room 
temperature  and developed f u l l  hardness  i n  4 days ( they  w e r e  
always nonglossy compared t o  TBT-cured specimens) Resins  
R-10 and R - 1 1  f u l l y  cured i n  1 / 2  hr a t  1500F b u t  cracked and 
f e l l  o f f  o n  cool ing.  

A l l  DETA-cured pigmented spec imens  f a i l e d  on the f i r s t  
immersion i n  l i q u i d  n i t rogen .  A l l  TBT-cured pigmented specimens 
passed 10 cyc le s  of immersion i n  l i q u i d  n i t rogen  followed by 
quick  hea t ing  t o  2000F. Coating S-36 f a i l e d  when it w a s  ben t  
3 0 0 :  the whole f i l m  popped o f f .  Coating S-39 cracked along the 
ax is  of t h e  bend when ben t  45O. 

D. S t a b i l i t y  t o  a S i m u l a t e d  Space Environment 

The r e s u l t s  of exposure of v a r i o u s  methyl s i l i c o n e  p a i n t s  
t o  u l t r a v i o l e t  r a d i a t i o n  i n  vacuum are given i n  Table 7 ,  

T h e  necess i ty  f o r  c l ean ing  w h i t e  thermal-control  s u r f a c e s  
be fo re  s imula t ion  -- and, t h e r e f o r e ,  immediately be fo re  space- 
c r a f t  lauching -- i s  e v i d e n t  from the degrada t ion  exhibited by 
the uncleaned specimen of S-13 i r r a d i a t e d  f o r  2120 E S H ,  

Examination of Table 7 also s h o w s  t h a t  DETA c a t a l y s t  can 
s e r i o u s l y  a f f e c t  the s t a b i l i t y  of methyl s i l i c o n e  p a i n t s ,  par- 
t i c u l a r l y  i f  used i n  large q u a n t i t y  as i n  s-34. The nu of  
0.32 r ep resen t s  n e a r l y  a 100% increase i n  solar  absorp tance ,  
Furthermore, the DETA-cured LTV-602 p a i n t  S-37 showed rather 
severe  degradat ion even though on ly  1% c a t a l y s t  w a s  added based 
on polymer s o l i d s .  The DETA-cured experimental  methyl s i l i c o n e  
r e s i n  pa in ts  (S-36 and S-40) d i d  no t  exhibit  as seve re  degrada t ion  
as the .  DETA-cured LTV-602 elastomer p a i n t  S-37. Although p a i n t  
S-36 cracked and  chipped du r ing  space s imula t ion ,  it w a s  possible 
t o  compute the (based upon v i s i b l e  r e f l e c t a n e l b y  reducing 
the ape r tu re  dur ing  measurement. T h e  nul of on ly  0,004 i n d i c a t e s  
the genera l  l e v e l  of s t a b i l i t y  w h i c h  can be expected f o r  these 
p a i n t s .  

The  p a i n t s  cured w i t h  TBT snd based upon experimental  
r e s i n s  R-10 and R - 1 1  showed excep t iona l  s t a b i l i t y  i n  these 
tests. The so la r  absorptance of S-35 i nc reased  by on ly  0,008 
i n  2120 ESH of u l t r a v i o l e t  r a d i a t i o n  i n  vacuum. S-37 e x h i b i t e d  
s i m i l a r  r e s i s t a n c e  t o  space s imula t ion .  Of rea l  s i g n i f i c a n c e  
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T a b l e  7 

EFFECT OF UV IRRADIATION I N  VACUUM ON OPTICAL 
PROPERTIES OF Z I N C  OXIDE-PIGMENTED METHYL S I L I C O N E  P A I N T S  

P a i n t  
N o .  

S-13 

-- 

S-13 

s - 3 4  

s -37  

5-35 

S-36 

s-39 

S-40 

S-38 

R e m a r k s  

5-gal batch 

More than  10 w k s  
o ld ;  uncleaned 

xs DETA ca t a lys t  
basic S-13 p a i n t  

1% DETA; basic 
S.-13 p a i n t  

R - 1 0  r e s i n  + 
TBT (1%) 

R - 1 0  r e s i n  + 
DETA (1%) 

R-11 r e s i n  + 
TBT 11%) 

R - 1 1  r e s i n  + 
DETA (1%) 

G E ' s  SR-17 r e s i n  

Exposure 

ESH 

0 
2070 

0 
2120 

0 
2070 

0 
1700 

0 
2120 

0 
2120 

0 
1700 

0 
1700 

0 
1700 

Solar  
Factor 

10.8 

10.2 

10.8 

9.2 

10 .2  

10 .2  

9.2 

9.2 

9.2 

Solar A b s o r p t a n c e  

1 a 4.i 2 a a --- 

-101 -114 -215  
- 1 3 4  ,137 -272  -057  

. lo0  -080  .180 
- 1 7 5  -108 -282  -102  

-086 -089 - 1 7 5  
- 2 7 1  -217  - 4 8 8  .313 

- 1 8 3  
,247 - 0 6 4  

- 1 2 0  -106 - 2 2 6  
-127  -107  - 2 3 4 '  -008 

-117  - 1 0 3  - 2 2 0  
.121* C r a c k e d  off (.004) 

- 2 3 1  
, 2 3 8  -007  

-198 
0219 0021 

-247  
-453  - 2 0 6  

- -- - 
* 
S-36 cracked and p a r t i a l l y  f e l l  off and only the  v i s ib l e  could 
be measured w i t h  c o n s t r u c t e d  aperture. 
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i s  t h e  f a c t  t ha t  coa t ing  S-35 w a s  s o i l e d  w i t h  g rease  metal  shav- 
ings  and genera l  machine shop d i r t .  I t  w a s  subsequent ly  c l e a n e d  
w i t h  Alconox (5%) and d i s t i l l e d  water. 

Like the  SR-80 r e s i n  (IITRI-C207-25, Summary Repor t ) ,  General  
E l e c t r i c ' s  SR-17 s i l i c o n e  r e s i n  w a s  a l so  reported t o  be a wholly 
methyl r e s i n .  A l s o  l i k e  SR-80, a p a i n t  based on SR-17, p a i n t  
S-38, showed a s t r u c t u r e  s l i g h t l y  d i f f e r e n t  from pure methyl 
r e s i n s  on i n f r a r e d  a n a l y s i s ,  and s imi l a r  t o  SR-17 p a i n t s ,  S-38 
seve re ly  degraded on u l t r a v i o l e t  i r r a d i d t i o n  i n  vacuum, Although 
the exac t  c o n s t i t u e n t s  of these r e s i n s  have not  been determined, 
they  do no t  possess phenyl c o n s t i t u e n t s .  More c a r e f u l  correla- 
t i o n s  between i n f r a r e d  spectra ( i .e . ,  s t r u c t u r e ) ,  u l t r a v i o l e t  
t r ansmi t t ance  spectra, and s t a b i l i t y  i n  an ul t raviolet /vacuum 
environment are being made. 
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I V .  ZINC OXIDE BLEACHING EXPERIMENT - -- 
T h i s  tes t  was an i n v e s t i g a t i o n  of possible bleaching of the 

z i n c  oxide-silicate system o n  removal from a vacuum, A chamber 
w h i c h  p e r m i t s  measurement of the v i s i b l e  spectrum r e f l e c t a n c e  
of a sample under vacuum w a s  designed and m n s t r u c t e d ,  The 
appa ra tus  (Figure 1) could be valved off  from the i o n  pump and 
a t t a c h e d  t o  a reflectometer, A vacuum i o n i z a t i o n  gage a t t ached  
d i r e c t l y  t o  the system showed a p r e s s u r e  i n c r e a s e  f r o m  
t o  t o r r  on removal f r o m  the pump; a t  t h i s  p o i n t  equ i l ib r ium 
appeared t o  be a t t a i n e d ,  

The sample used w a s  S-25, a n  SP 5 0 0  z inc  oxide-pigmented 
experimental  s i l i c o n e  r e s i n  (Summary Report  IlTRI-C207-25) I t  
w a s  exposed t o  837 ESH a t  a s o l a r  f a c t o r  of  8,8, ‘Cisible reflec- 
t ance  curves  w e r e  ob ta ined  f o r  the u n i r r a d i a t e d  sample i n  the 
tes t  chamber under vacuum and a l s o  a f t e r  admission of a i r ,  T h e  
r e f l e c t a n c e  under vacuum w a s  0 , 5  t o  1% highe r  t h a n t h a t  i n  a i r  
This d i f f e r e n c e  might be a t t r i b u t a b l e  t o  a s l i g h t  adjustment of 
the system i n  r e l a t i o n  t o  the r e f l ec tomete r  due t o  r e l a x a t i o n  
of the O-ring upon release of the vacuum, Figure 2 con ta ins  
these curves  as w e l l  a s  those obta ined  a f t e r  space s imula t ion ,  

S i m i l a r  measurements made a f t e r  completion of i r r a d i a t i o n  
d i d  n o t  reveal the s l i g h t  d i f f e r e n c e  i n  r e f l e c t a n c e ;  admission 
of a i r  r e s u l t e d  i n  a curve i d e n t i c a l  t o  t h a t  under vacuum, Thus 
s l i g h t  bleaching m i g h t  have occurred,  Coincidence of the curves  
remained s t a t i c  on remeasuring a f t e r  1 5 ,  30, 120 ,  180, and 
360 min. 

Solar spectral reflectance w a s  determined on the sample i n  
t h e  u s u a l  manner, i , e , ,  before  it w a s  i n  the appara tus  and be fo re  
and a f te r  exposure; t h e L a  was 0,003, I f  1% bleaching occurred 
throughout the spectrum, inc luding  t h e  i n f r a r e d  p o r t i o n ,  the 
would be 0.012. 
s h i f t  i n  r e f l e c t a n c e  occurred,  as suggested by the experiment,  
the change i n  solar absorptance due t o  s imula t ion  i s  l i m i t e d ,  

The i m p o r t a n t  p o i n t  i s  tha t  even i f  the b i g g e s t  

I l l  R E S E A R C H  I N S T I T U T E  

17 IITRI-C207-27 



I l l  R E S E A R C H  I N S T I T U T E  

18 I ITRI -C 207 - 2 7 



90 

80 

Under vacuum 

I I I 

- 

70 - 

60 - 
w 
al 
0 
4 50.- 
4J 
U 
al 
r( ccr 

n 

2 

1 

20 7 

10 

Expo sure : 

I I I 

None 

837 ESH 
(Reflectance curves under 
vacuum and w i t h  the admission 
of a i r  w e r e  co inc ident) .  

-------- 

Figure 2 

REFLECTANCE CHANGES OF ZINC OXIDE-SILICONE COATING 
DUE TO UV IRRADIATION IN VACUUM 

19 IITRI-C207-27 



V . ATTENUATED TOTAL REFLECTANCE STUDIES 

The use of a t t e n u a t e d  t o t a l  r e f l e c t a n c e  spectroscopy t o  
c h a r a c t e r i z e  polymer s u r f a c e s  i s  a t t r a c t i v e  i n  p r i n c i p l e ,  bu t  
prev ious  e f f o r t s  t o  make th i s  a workable t o o l  have no t  been 
p a r t i c u l a r l y  success fu l ,  The m o s t  troublesome d i f f i c u l t y  w a s  
the l a c k  of r e p r o d u c i b i l i t y .  When s m a l l  a l t e r a t i o n s  i n  s u r f a c e  
composition are being sought,  it i s  obviously necessary  t ha t  
s m a l l  d i f f e r e n c e s  i n  the spectra be s i g n i f i c a n t .  

I n  some of ou r  ear l ies t  work w e  observed the appearance 
of " t r a n s  unsa tu ra t ion"  absorp t ion  after p h o t o l y s i s ,  T h i s  
phenomenon proved unreproducible  and w a s  appa ren t ly  spur ious ,  
A f u r t h e r  d i f f i c u l t y  w a s  d e t e r i o r a t i o n  of the p h y s i c a l  cond i t ion  
of the su r faces  upon pho to lys i s .  A t  f i r s t  it seemed tha t  the 
problem w a s  a lack of c o n t a c t  between the polymer su r face  and 
the face of the p r i s m ,  Good o p t i c a l  c o n t a c t  i s  d i f f i c u l t  t o  
o b t a i n  when  the su r face  of i n t e r e s t  i s  s e r i o u s l y  eroded, Even 
the use  of a wet t ing  agent  such as Nujol i s  a l m o s t  u s e l e s s  when 
the su r face  i s  spongy, 

However, attempts t o  evaporate  t h i n  f i lms of the p r i s m  
material onto the polymer su r face  led  t o  poorer, no t  better, 
spectra. On the basis of these r e s u l t s ,  it i s  t e n t a t i v e l y  
suggested that  the s i l v e r  c h l o r i d e  f i l m  w a s  p a r t i a l l y  photo- 
decomposed by the l i g h t  i n  the room t o  g i v e  a m e t a l l i c  reflec- 
t i o n  a t  t he  i n t e r f a c e ,  t h u s  reducing the chanqe i n  the reflec- 
t i o n  i n  the reg ion  of an abso rp t ion  band, 

It seemed tha t  f a i r l y  good spectra could be ob ta ined  a t  
c e r t a i n  wavelengths bu t  no t  a t  others, T h i s  suggested t h a t  tk 
r e f r a c t i v e  i n d i c e s  of the polymer and the p r i s m  mater ia l  w e r e  
s u i t a b l e  only i n  a l i m i t e d  wavelength reg ion ,  and other p r i s m  
materials w i t h  d i f f e r e n t  i n d i c e s  of r e f r a c t i o n  w e r e  i n v e s t i g a t e d ,  
(The r e f r a c t i v e  index of the polymer must be l o w e r  i n  order fo r  
t o t a l  r e f l e c t i o n  t o  occur ,  I n  the region of an abso rp t ion  band, 
where the r e f r a c t i v e  index becomes anomalous, t h i s  cond i t ion  i s  
no longer  f u l f i l l e d  and t o t a l  r e f l e c t a n c e  i s  no longe r  ob ta ined , )  

I n  r ecen t  w o r k  a new series of spectra w e r e  ob ta ined  w i t h  
s i l v e r  c h l o r i d e ,  the u s u a l  p r i s m  mater ia l ,  a t  va r ious  ang le s  
of incidence,  and other series w e r e  ob ta ined  w i t h  sodium 
chloride and KRS-5 as the p r i s m  mater ia ls ,  _ 'The r e s u l t s  are 
shown i n  the  accompanying f i g u r e s ,  w h i c h  s h o w  the t ransmiss ion  
spectrum of a t y p i c a l  polycarbonate  (Figure 3 ,  chosen f o r  
convenience and good spectral detaii)  
the same polymer a g a i n s t  s i l v e r  chloride,  sodium chloride, and 
KRS-5 a t  var ious  ang le s  of inc idence  (F igures  4 through 7 )  - 

and the ATR spectra of 

Sodium c h l o r i d e  g i v e s  e x c e l l e n t  spectra i n  the r eg ion  b e l o w  
4.5 P .  Above th i s  wavelength, r e f r a c t i v e  index i n v e r s i o n  obvious- 
l y  occur s ,  as  i n d i c a t e d  by the l o w  t o t a l  r e f l e c t a n c e .  However, 
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sodium chloride is  extremely b r i t t l e ,  and it i s  d i f f i c u l t  t o  
e x e r t  s u f f i c i e n t  clamping force t o  ensure  reproducible  con tac t  
wi thout  cracking the prism, 

KRS-5, having a much higher r e f r a c t i v e  index, g ives  
recognizable  s p e c t r a  throughout the e n t i r e  2- t o  15-p region,  
a l though the o p t i m u m  angle  of incidence changes from about 42 
t o  500 a t  the longer  wavelerqths. The i n t e n s i t y  of the bands 
i s  markedly s e n s i t i v e  t o  small d i f f e r e n c e s  i n  the angle  of 
incidence,  d i f f e r e n c e s  which may no t  be reproducible  i n  the 
r e l a t i v e l y  crude appara tus  ava i l ab le ,  KRS-5 a l s o  has the 
advantages of being more s t a b l e  than  s i l v e r  ch lo r ide  and more 
du rab le  t h a n  sodium chloride. 

S i l v e r  chloride i s  u s e f u l  t o  about 8 a t  very high angles  
of incidence,  a s  one might p r e d i c t  f r o m  cons ide ra t ion  of the 
r e f r a c t i v e  i n d i c e s  of these three o p t i c a l  materials,  
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- VI. CONCLUSIONS 

1. Aging of s i l i ca te  p a i n t s  f o r  up t o  8 months appears 
t o  cause  moderate degradation when irradiated wi th  u l t r a v i o l e t  
i n  vacuum. Wrapping i n  Saran fo r  long pe r iods  of t i m e  does not 
appear adequate t o  r e t a i n  s t a b i l i t y .  

2. Recent tests have shown the clear s u p e r i o r i t y  of z inc  
oxide  over t i n  oxide and calcined ch ina  c l a y  f o r  use  i n  an 
ultraviolet/vacuum environment. 

3 .  Diethylenetr iamine (DETA) can  be used t o  provide room 
temperature-curing of methyl s i l i cone  coa t ings .  DETA-cured 
p a i n t s ,  p a r t i c u l a r l y  LTV-602 coat ings ,  are s e n s i t i v e  t o  the 
amount of c a t a l y s t .  DETA-cured r e s i n  p a i n t s  are very br i t t le  
and f a i l  catastrophically when hea ted  and cooled o r  when immersed 
i n  l i q u i d  ni t rogen.  

4. A z i n c  oxide p a i n t  based upon a r e c e n t l y  synthesized 
d i s t i l l e d  methyl s i l i c o n e  r e s i n  exh ib i t ed  except iona l  s t a b i l i t y  
t o  u l t r a v i o l e t  i n  vacuum a f t e r  being s o i l e d  and cleaned w i t h  
Alconox 'and water. 

5. A c a r e f u l  experiment designed t o  determine the e x t e n t  
of bleaching,  if any, exhibited by z inc  oxide p a i n t s  showed tha t  
no more than  1% r e f l e c t a n c e  changes occur when irradiated 
specimens are admitted t o  air. 

6. Recent work w i t h  a t tenuated  t o t a l  r e f l e c t a n c e  has 
shown tha t  t h i s  a n a l y t i c a l  technique m i g h t  be i d e a l l y  s u i t e d  t o  
the problem of determining the changes i n  s t r u c t u r e  exh ib i t ed  
by methyl s i l i cone  and inorganic s i l i ca te  p a i n t s  on u l t r a v i o l e t  
i r r a d i a t i o n  i n  vacuum. Some of the earlier d i f f i c u l t i e s  w i t h  
t h i s  technique have been overcome, and f u t u r e  work w i l l  involve 
thermal-control coa t ings  . 
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APPENDIX I - COATING AND R E S I N  NUMBERS 

Jo. Used i n  N o .  Used i n  
T h i s  R e p o r t  Previous R e a m r t s  

I i?ORGANICCOATI NGS 

297 
298 
299 
2100 
2101 
2102 
2103 
2104 
2105 
2106 
2107 
2108 
2109 
Z l l O  
2111 
2112 
2113 

6-5-11 
5-6-3 
CO -500 
5-19-4a 
5-19-4b 
5-19-3 
5-19-17 
5-17-0 
6-22-13 
6-24-1 
7-2-10 
7-1-6 
6-19-1 
6-19-2 
6-19-3 
6-20-06 
6-20-40 

EXPERIMENTAL SILICONE RES I N S  

R-10 
R-ii 

S-38-8 
S-38-11 
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APPENDIX I1 - ERRATA 

The following errors are f r o m  the Summary Report No. 'f 

p 149, para 2, line 9: Il1.2 x 

IITRI-C207-25, dated August 27, 1963: 

should be"1.2 x lo7." 

p 178, para 3, line 3: "0.21 to 0.25" should be "0.21 
to 0.27." 
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